OBJECTIVE Lumbar spinal stenosis (LSS) is the most common spinal disease in the geriatric population, and is characterized by a compression of the lumbosacral neural roots from a narrowing of the lumbar spinal canal. LSS can result in symptomatic compression of the neural elements, requiring surgical treatment if conservative management fails. Different surgical techniques with or without fusion are currently treatment options. The purpose of this study was to provide a description of the long-term clinical outcomes of patients who underwent bilateral laminotomy compared with total laminectomy for LSS. METHODS The authors retrospectively reviewed all the patients treated surgically by the senior author for LSS with total laminectomy and bilateral laminotomy with a minimum of 10 years of follow-up. Patients were divided into 2 treatment groups (total laminectomy, group 1; and bilateral laminotomy, group 2) according to the type of surgical decompression. Clinical outcomes measures included the visual analog scale (VAS), the 36-Item Short-Form Health Survey (SF-36) scores, and the Oswestry Disability Index (ODI). In addition, surgical parameters, reoperation rate, and complications were evaluated in both groups. RESULTS Two hundred fourteen patients met the inclusion and exclusion criteria (105 and 109 patients in groups 1 and 2, respectively). The mean age at surgery was 69.5 years (range 58-77 years). Comparing pre-and postoperative values, both groups showed improvement in ODI and SF-36 scores; at final follow-up, a slightly better improvement was noted in the laminotomy group (mean ODI value 22.8, mean SF-36 value 70.2), considering the worse preoperative scores in this group (mean ODI value 70, mean SF-36 value 38.4) with respect to the laminectomy group (mean ODI 68.7 vs mean SF-36 value 36.3), but there were no statistically significant differences between the 2 groups. Significantly, in group 2 there was a lower incidence of reoperations (15.2% vs 3.7%, p = 0.0075). CONCLUSIONS Bilateral laminotomy allows adequate and safe decompression of the spinal canal in patients with LSS; this technique ensures a significant improvement in patients' symptoms, disability, and quality of life. Clinical outcomes are similar in both groups, but a lower incidence of complications and iatrogenic instability has been shown in the long term in the bilateral laminotomy group. https://thejns.org/doi/abs/10
L umbar spinal stenosis (LSS) is defined as a narrowing of the lumbar spinal canal, and is one of the most common spine diseases in the geriatric population. LSS can result in symptomatic compression of the neural elements, requiring surgical treatment if conservative management fails.
Total laminectomy (initially known as a Christmas Tree laminectomy and now outdated) is the classic operative technique and consists of the unroofing of the spinal canal by resecting the spinous process, the laminae, the articular processes, and the pars interarticularis bilaterally; less invasive surgical options have been developed during the past years, including bilateral laminotomy and unilateral laminotomy for bilateral decompression. 12, 16, 17, 21 In elderly patients with comorbidities, indirect decompression has been shown to be another treatment option. 13 The main assumption that justifies the development of these techniques is the possibility to obtain an adequate decompression, minimizing the tissue trauma and preserving the spinal architecture. As a consequence, a better clinical outcome with minor long-term complications can be expected.
In the current study, we report the long-term clinical outcomes of patients who underwent bilateral laminotomy for degenerative LSS (DLSS); a comparison between this group and a group of patients treated with total laminectomy at our institution has been done and the results have been discussed and analyzed in detail.
Methods

Patient Population
We retrospectively reviewed all the patients treated surgically by the senior author (A.R.) for DLSS with total laminectomy and bilateral laminotomy; only the patients followed up for a minimum of 10 years and with complete clinical and radiological documentation were selected and are the subject of this study. Considering the progressive transition from the classic open procedures to minimally invasive approaches, we selected 2 time intervals, the first one (2000) (2001) (2002) (2003) in which the classic laminectomies were routinely used and the second one (2005) (2006) (2007) (2008) , in which bilateral laminotomies were considered the procedure of choice by our group for the treatment of DLSS. We analyzed only the surgeries performed by the senior author, and we do not restrict our analysis to a single period in which both the procedures were performed, thus preventing the selection bias of considering one procedure more adequate than the other one during the surgical decisionmaking process. In fact, from 2005 we treated our patients almost exclusively with bilateral laminotomies, even when a severe compression was detected, whereas the use of lumbar laminectomies was restricted mainly to neoplastic and traumatic compressions.
Patients reviewed in the present study showed similar demographic data and comparable comorbidities and were divided into 2 treatment groups (total laminectomy, group 1; and bilateral laminotomy, group 2) according to the surgical decompression technique.
The diagnosis of LSS was made based on lumbar MRI or CT scanning (if MRI could not be done), if a single or multilevel compression was detected; flexion-extension radiographs were always performed to rule out any spine instability. From a clinical point of view, leg pain, leg numbness, and neurogenic claudication were considered more indicative than back pain, as well as improvement of symptoms during flexion of the trunk. Symptoms were considered refractory to nonsurgical treatment if conservative measures, particularly nonsteroidal antiinflammatory drugs and physical therapies, had been administered for at least 3 months without improvement.
For the purposes of this study, we excluded patients with previous spine surgery or fractures, spine instability, lumbar degenerative spondylolisthesis, degenerative scoliosis, developmental spinal deformities, neoplastic compression, and severe osteoporosis.
Preoperative clinical evaluation data were obtained from medical charts. Postoperative (3 weeks) and followup scores were obtained during outpatient visits or phone interviews 6, 24, 60, and 120 months after surgery.
During the follow-up interviews, patients were asked about preoperative, immediate postoperative, and current status; improvement in symptoms; use of painkillers; patient satisfaction; and current therapy. Pain was measured according to a self-assessment 10-point visual analog scale (VAS).
The 36-Item Short-Form Health Survey (SF-36) and Oswestry Disability Index (ODI) were administered postoperatively (3 weeks) and at 6, 24, 60, and 120 months after surgery. The SF-36 mental health and physical functioning summaries were analyzed in detail. The clinical outcomes were analyzed and statistical analyses performed with SPSS software v.15 (IBM Corp.). A p value < 0.05 was considered significant.
Operative Technique
All procedures were performed under general anesthesia; patients were placed prone on a Jackson spinal table with a Wilson frame support in a marked flexed position to reduce lumbar lordosis and increase the interlaminar space.
Conventional Laminectomy (group 1)
A 6-cm-long midline linear skin incision is made; the lumbodorsal fascia is incised vertically and the multifidus muscle is detached subperiosteally on each side and bilaterally retracted.
At the index level, the spinous process, the laminae, and the ligamentum flavum are resected. The medial portion of the facet joints (< one-third of the entire facet joint) is then removed bilaterally (facet-sparing laminectomy) to decompress the lateral recesses, using a high-speed drill and Kerrison rongeurs; foraminotomy is performed bilaterally. At the end of the decompression, suction drains are routinely placed; patients are generally allowed to walk with a corset brace within 2 days of surgery, and the use of a corset brace is recommended for 4-6 weeks.
Bilateral Laminotomy (group 2)
A 4-cm-long midline linear skin incision is made. The multifidus muscle from each side is detached from its attachments, the interlaminar space is exposed, and the retractors are applied.
With the aid of the surgical microscope, the upper and lower laminae at the index level are bilaterally thinned: the basal part of the spinous process, the caudal half of the cranial lamina, and a small cranial portion of the caudal lamina are then removed bilaterally by using a small Kerrison rongeur, starting from the upper lamina at the midline and then proceeding laterally. Care is taken not to detach the spinous process completely and to preserve the hypertrophied ligamentum flavum as long as possible for the protection of the dural sac and nerve roots during the osseous decompression. Following adequate bony resection, the ligamentum flavum is removed with a curette; partial resection of the facet joints and foraminotomy are usually done bilaterally to increase the neural decompression.
Generally, the intervertebral disc is not removed because in DLSS the compression acts mainly posteriorly and the preservation of the anterior stabilizing structures of the spine (intervertebral disc, posterior longitudinal ligament) is advisable. Suction drains are not routinely placed. Ambulation is encouraged on the day of surgery, and the use of a corset brace is not recommended.
Results
Demographic Data
Between January 2000 and January 2003, 172 patients underwent lumbar laminectomies for DLSS: among these, 105 patients (61%) met the inclusion criteria and are the subject of this review (group 1). Similarly, between January 2005 and January 2008, 109 of the 168 patients (64.9%) who underwent bilateral laminotomies met the inclusion criteria and were included in this review (group 2). The mean age of the entire cohort was 69.5 years (range 58-77 years); there were 117 women (54.7%) and 97 men (45.3%) (M/F ratio 1.2:1)
The duration of symptoms ranged from 6 months to 3 years prior to surgical intervention. The most common clinical symptom was neurogenic claudication, reported by the entire group (214 patients, 100%), followed by low-back pain (70.6%), radiculopathy (58.9%), lower-limb weakness (55.6%), and sphincteric dysfunction (5.1%).
Of the 274 levels treated, the most commonly affected spinal level was L4-5 (142 patients, 51.8%) followed by L3-4 (58 patients, 21.2%), L5-S1 (15%), L2-3 (8.4%), and L1-2 (3.6%). A double-level decompression was performed in 32 patients in group 1 (30.5%) and in 30 patients (27.5%) in group 2.
In the laminectomy group, the average surgical time and intraoperative blood loss per level were 52 minutes and 95 ml, respectively; the average postoperative blood loss from suction drains was 110 ml. In the laminotomy group, the average surgical time per level was a little longer (68 minutes), whereas the intraoperative blood loss was consistently lower (50 ml). The average postoperative length of hospital stay (LOS) was shorter for the laminotomy group.
The comorbidity rate was high and mainly related to the mean age of our patients: 189 patients (88.3%) were affected by several medical diseases, including cardiovascular diseases (70.6%), respiratory diseases (55.6%), diabetes mellitus (54.2%), and obesity (38.8%). The American Society of Anesthesiologists (ASA) score was as follows: none had ASA I, 25 (11.7%) had ASA II, 143 (66.8%) had ASA III, and 46 (21.5%) had ASA IV.
All patients' medical records, including clinical and radiological data, are summarized in Table 1 .
Clinical Outcomes
The mean preoperative VAS scores were 7.9 and 8.3 in the bilateral laminotomy and open laminectomy groups, respectively. At final follow-up, the improvement was greater in the laminotomy group (mean value 3.6) than in the laminectomy group (mean value 4.4), and a similar difference was noted at each follow-up visit.
Comparing pre-and postoperative values, both groups showed improvement in ODI and SF-36 scores. At final follow-up, a greater improvement was noted in the laminotomy group (mean ODI value 22.8, mean SF-36 value 70.2), considering the worse preoperative scores (mean ODI value 70, mean SF-36 value 38.4) with respect to the laminectomy group (mean ODI value 68.7, mean SF-36 value 36.3). However, there was no statistically significant difference in clinical outcomes (VAS, ODI, SF-36) between the 2 groups.
In both groups, none of the patients required postoperative rehabilitation. All patients' clinical outcomes are summarized in Table 2 .
Reoperation Rate and Complications
In 9 cases (8.6%) in group 1 and in 5 cases (4.6%) in group 2, an incidental durotomy was reported. In the laminectomy group, the dural tear could be identified in all patients and directly repaired at surgery, whereas in 3 patients in the laminotomy group, the point of leakage could not be clearly seen and a dural sealant instead of direct suture had to be used. In these 14 patients, 3 days of postoperative bed rest was advised and no CSF fistula developed after surgery.
We observed 5 superficial wound infections (2.3% of the entire cohort), which resolved with antibiotic therapy and daily medications; 4 (3.8%) in group 1 and 1 (0.9%) in group 2.
During the follow-up period, 4 patients (3.7%) in group 2 underwent reoperation because of inadequate decompression; after a transient and partial relief of symptoms, a second operation had to be performed because of clinical deterioration and MRI evidence of lumbar stenosis at the treated level. All these patients underwent reoperation within 18 months of the first surgery.
In group 1, 16 patients (15.2%) underwent subsequent lumbar fusion surgery within 38 months: in 15 patients (93.7%), lumbar fusion was required to treat a postlaminectomy instability, whereas in the remaining patient a second decompression and fusion was performed to treat a residual stenosis (p = 0.0075).
All patients' reoperation rates and complications are summarized in Table 3 .
Discussion
The incidence of LSS ranges between 3.9% and 11% of the general population, and its prevalence is steadily growing in our aging society. LSS may be a developmental or an acquired disease, the last one being far more common, and generally has a slowly progressive course. LSS is caused by a compression of the neural elements from different structures of the spinal canal: ligamentum flavum hypertrophy and disc bulging may lead to central stenosis, whereas facet hypertrophy and settling are associated with recess or foraminal compression. These degenerative changes are mostly age related and may pro-duce a vascular and/or mechanical compression on the neural roots. 2, 12, 24 Classically, the surgical treatment of lumbar stenosis has been represented by a wide posterior decompression of the spinal canal: until the last few years, the standard procedure has been a wide laminectomy with a partial or complete removal of the articular processes. 6, 8, 10 This procedure destroys the entire posterior bony arch and posterior ligamentous complex, and it detaches the paraspinal muscles bilaterally, thus damaging significantly the posterior stabilizing structures of the spine. Not surprisingly, the short-term neurological outcome after a laminectomy is generally good, because of the wide decompression achievable, but concerns regarding postoperative instability and subsequent low-back pain in the medium and long term have been raised. Different studies have reported a higher iatrogenic instability following laminectomy compared to minimally invasive decompression. 1, 7, 20 On the basis of these and other experiences, a new trend in spine surgery, consisting of minimizing the normal tissue trauma while ensuring the same clinical, radiological, and neurological outcome, has progressively emerged. 13, 16 Unilateral and bilateral laminotomy for decompression of the lumbar spine was introduced in 1981 by Getty et al. as less invasive surgical options. 5 Laminotomy involves the partial removal of bone from the inferior aspect of the superior lamina, the superior portion of the inferior lamina, and the medial aspect of the facet joint, and it also entails the excision of the ligamentum flavum; the spinous process and supra-and interspinous ligaments are preserved. 18, 25, 26 The unilateral approach for bilateral decompression preserves the contralateral structures (lamina and facet joint) and ensures enough contralateral decompression by drilling the base of the spinous process and by tilting the microscope and the operating table.
Different studies showed no difference in clinical outcome between bilateral laminotomy and laminectomy. 9, 19, 22 In their multicenter observational study, Nerland et al. compared minimally invasive microdecompression and open laminectomy for the treatment of central lumbar stenosis and reported similar outcome scores at 1-year follow-up and a shorter hospital stay for the minimally invasive group. Considering the similar effectiveness of these techniques, the authors concluded that minimally invasive decompression should be favored when there are concerns about later instability. 15 Several studies showed that minimally invasive techniques ensure at least the same results as the standard open technique; moreover, results are better in terms of clinical improvement, LOS, blood loss, time to mobilization, use of medications, and patients' satisfaction in the short and medium term. 4, 14, 17 Defining instability as sagittal plane translation ≥ 5 mm on dynamic radiographs, Thomé et al. reported a frequency of iatrogenic instability following laminectomy and unilateral laminotomy for bilateral decompression of 8.8% and 5.1%, respectively. Conversely, none of their patients treated with bilateral laminotomy showed radiographic and clinical evidence of postoperative instability. 23 On the other hand, in the retrospective study of Costa et al., 3 of 374 patients (0.8%) treated via unilateral laminotomy for bilateral decompression experienced postoperative back pain suggestive of iatrogenic instability.
3 In 2010, Lee et al. used cadaveric lumbar spine models to study the range of motion after bilateral laminotomy and facet-sparing laminectomy; the analysis per level demonstrated a roughly 2-fold increase in motion after laminectomy compared with bilateral laminotomies (14.3% in bilateral laminotomies vs 32.0% in full laminectomies). Moreover, stiffness was decreased by an average of 11.8% after 3-level laminotomies and by 27.2% after 3-level laminectomies.
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As a result of all these experiences and because of the concerns for late instability and the comparable clinical outcome, the classic wide laminectomy with facetectomy has been more frequently replaced with minimally invasive techniques. This is also our experience-in recent years fewer cases of laminectomies have been performed by our group for degenerative diseases, whereas the number of patients treated with bilateral laminotomies has continuously increased. Our results confirm the evidence emerging in the literature in the last few years and reported in this paper: in the laminotomy group, LOS and intraoperative blood loss were less.
Regarding complications, we observed a little increase in the frequency of dural tears in the laminotomy group. We found it more difficult to repair the leakage with sutures, because the smaller operative corridor makes both the suturing and the identification of the tear more challenging. However, the use of sealant and a more prolonged postoperative bed rest have proved to be effective in preventing CSF leakage. A higher incidence of incomplete decompression requiring reintervention was observed in the laminotomy group (3.7% vs 1%); we explain this as an error in surgical indication, because all these patients showed a severe foraminal stenosis that would have been better treated with a wide artrectomy and fusion from the beginning. No patient with postoperative instability was seen in the laminotomy group, as compared to the laminectomy group, in which 15 patients (14.3%) underwent fixation for iatrogenic listhesis and back pain.
Regarding clinical outcomes, the success rate of the 2 techniques was similar, although a slightly better outcome and higher patient satisfaction after bilateral laminotomy can be seen; in the medium to long term, bilateral laminot- 
Conclusions
Bilateral laminotomy allows adequate and safe decompression of the spinal canal in patients with lumbar stenosis; this technique ensures a significant improvement in patients' symptoms, disability, and quality of life. Neurological outcome after bilateral laminotomy and laminectomy is similar, but a lower incidence of complications and iatrogenic instability has been shown in the medium and long term for patients who undergo bilateral laminotomy.
